Three cases of abnormalities of elastic fibers, two of them on the floor of the mouth and one on the lingual alveolar mucosa, close to the floor of the mouth, in a patient with history of homolateral squamous cell carcinoma of the floor of the mouth, are presented. Comparison with elastofibromatous changes and elastofibromas are made and their possible pathogenesis is discussed. It is suggested that increased awareness may facilitate recognition of such lesions as they can be easily overlooked, especially when they do not present as discrete tumors or they are associated with other ''more significant'' pathologic processes.
Introduction
Acquired disorders of elastic fibers are broadly classified into disorders of increased elastic fibers, solar elastotic dermatoses, and disorders of decreased elastic fibers or elastolysis [1] . Although elastic fibers constitute a significant component of the connective tissue of the oral mucosa, intraoral acquired disorders of elastic tissue have hardly been described, save for the well-known actinic (solar) cheilitis. This may be due to either their true rarity or to being simply overlooked, in particular when they do not comprise the main component of a lesion. A review of the pertinent literature has disclosed only two cases of oral elastofibroma [2, 3] , and a single case of penicillamine-induced elastosis of the lip mucosa in a patient with Wilson's disease [4] .
Herein, we present three cases of abnormalities of elastic fibers, two of them on the floor of the mouth and one on the lingual alveolar mucosa in a patient with history of homolateral squamous cell carcinoma of the floor of the mouth.
Methods and Materials
Three cases from the files of the Division of Oral and Maxillofacial Pathology, School of Dentistry, University of Minnesota were retrieved as part of a search looking for keywords ''elastic fibers'', ''elastofibroma'' or ''elastosis'' among intraoral lesions in the period 1992-2009. Clinical data were obtained from pathology reports. Hematoxylin and eosin and Vierhoeff-van Gieson elastic stains were available in all cases. squamous epithelium (Fig. 1a ). The connective tissue was loose and featured a well defined, pale eosinophilic to amphophilic, hypocellular and Congo red negative zone.
Irregular fibrillar and globular deposits were present ( Fig. 1b ). Vierhoeff-van Gieson stain revealed thickened, occasionally wavy and fragmented elastic fibers ( Fig. 1c ). The diagnosis was focal hyperkeratosis and elastofibromatous changes suggestive of early elastofibroma.
Case 2
A 98-year-old Caucasian female presented clinically with ''an area of leukoplakia'' on the lingual aspect of the right alveolar mucosa close to the floor of the mouth. The patient had history of squamous cell carcinoma of the right floor of mouth. Microscopic evaluation revealed mucosal fragment surfaced by hyperkeratinizing stratified squamous epithelium featuring exfoliation of the superficial layer and acanthosis. Focally, cytologic variations of the basal cell layer were present. Subjacent to the epithelium there was fibrinous exudate and a neutrophilic infiltrate. Interestingly, and giving the lesion a partial nodular pattern, there was a mass of collagen fibers ( Fig. 2a ) where prominent beadlike, comma-shaped and crinkled, amphophilic deposits consistent with elastic fibers were present ( Fig. 2b ). Vierhoeff-van Gieson elastic stain revealed hyperplastic wavy, fragmented and less frequently globe-shaped elastic fibers intermingled with dense collagen (Fig. 2c ). The diagnosis was hyperkeratosis with mild epithelial dysplasia, inflammation and elastofibromatous changes.
Case 3
An 84-year-old female presented with a well-demarcated ''ulcer'' in the right floor of the mouth, just lingual to Wharton's duct. The lesion was totally excised under the differential diagnosis of aphtha, traumatic lesion, or dysplasia. Microscopic examination revealed mucosal fragment covered by partially hyperparakeratinized and acanthotic stratified squamous epithelium, with focal basal cell hyperplasia and nuclear hyperchromatism of apparent reactive nature. The connective tissue exhibited chronic and subacute inflammation in association with increased vascularity and fibrosis ( Fig. 3a) . Predominantly in the area of fibrosis, and to a lesser extend in the inflamed region, the connective tissue exhibited amphophilic changes consistent with hyperplastic elastic tissue ( Fig. 3b ). Vierhoeff-van Gieson elastic stain revealed hyperplastic wavy and fragmented elastic fibers ( Fig. 3c ). There was no evidence of ulceration in the preparation examined. The diagnosis was ''hyperkeratosis and inflammation, with hyperelastosis''.
Discussion
Elastic fibers constitute one of the main types of connective tissue fibers and are found around large elastic arteries, in the dermis, the lungs, ligaments, and auricular cartilage [5] . The first case in our series featured changes essentially similar to those described by Goldblum et al. [7] in a 58year-old female with a 7-year history of multiple myeloma who was treated with chemotherapy and radiation to the arms and pelvis, in that there was no evidence of a nodular growth and no other associated pathologic process of any significance, save of focal subtle hyperparakeratosis in our case. These elastofibromatous changes may be an early stage in the development of elastofibroma. Similar lesions have been reported in other mucosal sites i.e. the small bowel and the trachea of an 88-year-old female and a 67 year-old male, respectively who died from unrelated causes [8] . It is not clear whether elastofibromatous changes represent a reaction to trauma [9] or an initial, subclinical stage in the development of an elastofibroma, as it has been proposed for the elastofibromatous changes commonly seen in routine autopsy cases in the thoracic fascia under the lower portion of the scapula [10] . Interestingly, elastofibromatous changes have been found to occur in 2.6% out of 426 of all routine dorsal spine biopsies in a study by Daum et al. [11] indicating the presence of a ''degenerative process practically unknown to contemporary medicine'' with specific characteristics and treatment.
Elastofibroma (elastofibroma dorsi), on the other hand, is a benign tumor situated almost exclusively in the subscapular area, between the lower portion of the scapula and the chest wall. It was first described by Järvi and Saxén in 1961 [12] . More than 300 cases have been reported up to now [1] , 170 of them included in a study from Okinawa, Japan with more than 30% of patients found to have a family history [13] . Most patients are women, generally older than 55 years [14] . It typically manifests as a slowly growing, large, solid, ill-defined, and non-adherent mass of fibroelastic tissue that rarely causes tenderness, pain or functional disturbance [14] . Rare examples have been reported in other anatomic sites, including the, gastrointestinal tract [15, 16] , greater omentum [17] , eye [18, 19] , and skin [20] . Bilateral and multiple tumors may be seen, especially in the subscapular area [13] or subcutaneously [20] .
Microscopically, elastofibromas of the subscapular area consist of about equal proportions of fibrous and elastic tissue, variously sized islets of mature fat, and small amounts of interstitial mucoid material [13, 14] . The collagen fibers are swollen eosinophilic and intertwining, while the elastic fibers appear as homogenous, branched or unbranched fibrillar or globular structures, with a distinct linear arrangement [14] , and may show a perivascular, pseudo-amyloid arrangement [21] . They react strongly with elastic stains, such as Weigert's, Verhoeff's or Gömöri's methods, and present a central dense core and irregular edges [14] . Terms such as ''beaded'', ''test-tube brush'', ''scrub-brush'', or ''serrated'' and when fragmented ''flower-like'', ''petaloid'', ''moth-eaten'', or globular ''chenille bodies'', have been used to describe their pattern variations. Histochemical evaluation has disclosed darkly stained central cord or cords surrounded by a weaker stained mantle substance of elastic tissue which contains in addition reticular fibers [22] . Ultrastructurally, the central cord does not differ in size from mature normal elastic tissue while the mantle features haphazard arrangement of electrolucent and electrodense fibrillar material. The reticular fibers are seen invading this mantle. Immunohistochemically, they are strongly positive for elastin [23] [24] [25] and vitronectin, show a patchy reaction for bone sialoprotein, and are negative for fibrillin-1, fibronectin and osteonectin [25] . Furthermore, they are digested by elastase or pepsin, and give a green fluorescence under ultraviolet light [14] .
The origin of the spindle or stellate cells that are interspersed among the collagen and elastic fibers of elastofibroma is a matter of dispute. The cells are unanimously positive for vimentin [23] [24] [25] [26] [27] , and most react for CD34 [23, [25] [26] [27] [28] or bone sialoprotein [25] . Positive reaction for other antigens, such as promin-2, Cx43, Factor XIIIa, MEF-2 transcription factor [23, 27] , and TGF-b [28] has been reported in some studies. They are considered as fibroblasts [28] or consistent with the CD34 ? dendritic and fibroblast-like cells of the reticular dermis and fibrocollagenous soft tissues that are thought to act as potential mesenchymal stem cells [26] . It has also been proposed that they may be periosteal fibroblasts, as elastofibromas are usually, although not always, found in the proximity of the periosteum [29] . In contrast, they are not myofibroblasts, as is shown by negativity for myogenic markers, such as actins, desmin, calponin, or caldesmon [23] [24] [25] [26] [27] [28] , as well as their ultrastructural features [23] . Tryptase positive mast cells [26] and CD105 positive blood vessels [21] have been implicated in the pathogenesis of the lesion.
The pathogenesis of elastofibroma is debatable, but most evidence suggests a reactive lesion caused by a local mechanical stimulus that induces reactive abnormal elastogenesis by stromal cells [1, 21, 29] followed by degeneration, appearing first as segmentation of the hyperplastic fibers and then as breaking up of the fibers into globes that are gradually resorbed [22] . Elastotic degeneration of collagen fibers and degeneration of existing elastic fibers do not seem probable [29] . Interestingly, some investigators have suggested a neoplastic origin for elastofibroma based on the identification of clonal chromosomal abnormalities [30, 31] and the nonrandom inactivation pattern of X-chromosome shown in a few cases [23] .
Two intraoral cases of elastofibroma have been documented [2] . Both tumors presented on the left side of the floor of the mouth and were asymptomatic, small white, smooth-surfaced, and well-circumscribed nodules. In one patient there was a history of accidental injury of the area, approximately 52 years before diagnosis of the elastofibroma [2] , while in the other the tumor developed in site of a squamous cell carcinoma 2 years after resection and radiation therapy [3] .
Two of our cases featuring hyperplastic elastic fibers, one with elastofibromatous-like appearance, were associated with other pathologic processes. One patient had history of homolateral squamous cell carcinoma, a similar setting as with the patient reported by Manchandu et al. [3] . In our case there was, however, mild epithelial dysplasia and focal acute inflammation. The other was in association with an ''ulcer'' and histologically featured reactive hyperparakeratosis, epithelial hyperplasia and chronic inflammation.
The predilection for the floor of the mouth and the frequency of such changes in the floor of the mouth and adjacent areas are unknown. However, one can hypothesize that the movement of the tongue and neck may necessitate the presence of a well developed elastic component in the connective tissue of the floor of the mouth. Elastic hyperplasia and elastofibromatous changes may be the result of trauma or aging. In our patients there was no history of penicillamine chelation treatment that may have caused a marked increase of elastic fibers. Be that as it may, as we stated in the introduction, such changes may be overlooked especially if they are early and when associated with other ''more significant'' pathologic processes. However, they should be recognized and, hopefully, studied in greater detail to elucidate their pathophysiologic significance.
In summary, we presented three oral lesions with elastic fiber abnormalities, two of them elastofibromatous, the third characterized by unusual hyperelastosis. Their predilection for the floor of the mouth and neighboring areas is of interest. The presence of such changes can be easily overlooked, especially when they do not present as discrete tumors or they are associated with other more significant pathologic processes. Increased awareness may enhance recognition of oral elastofibromatous and hyperelastotic changes and instigate studies to elucidate their pathogenesis and significance.
